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Small vertical shafts can play a significant role in small scale mining as they 
represent a quick and efficient method to gain access to veins located 20 to 50 m 
below surface.  Historically, in central Africa, colonials effectively used vertical 
shafts to exploit veins 30 to 100 m deep.  This paper investigates current small 
scale shaft sinking methods to access blocks of mineralised material some 30 m 
below surface.  The practical aspect of hand development as a means of shaft 
sinking, the timbering process, infrastructure, and methods to hoist broken rock 
from the shaft are also discussed.   
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INTRODUCTION  
 
There are many shallow minearlised deposits that warrant small shafts to exploit the near 
surface mineralised material, i.e. 50 m below surface (mbs).  Mine access can be achieved 
through a number of options, namely adits, incline shaft, decline shaft and vertical shafts.  
Small vertical shafts is one of the most common method for artisanal and small scale miners to 
gain access to underground deposits. Artisanal miners are well experienced in manually 
digging vertical shafts of 10 m to 20 m in depth.  Beyond this depth, it beocomes difficult for 
artisanal miners to access the deposit due to the depth, ventilation, and ground water.  In 
addition, artisanal shafts are by nature inefficient associated with low productivity.  Therefore, 
in order to promote safe and profitable small scale mining an efficient manner to gain access to 
underground deposits is necessary. Small scale miner must be able to access veins 20 to 50 m 
below surface while providing suitable infrastructure to support production targets in excess 
of 10 t per day.  In the past, Colonial miners effectively used small shafts to support small scale 
mining activities to depths of 40 mbs or more.  Figure 1 depicts a small shaft used to mine tin 
in Rwanda utilising cage hoisting – whereby a mine car is filled with ore and is hoisted to 
surface. 
 
The paper looks at the practical aspect of artisanal shaft sinking utilising picks and shovels and 
contrasts this method to a shaft design suitable for small scale miners.  Discussions are the 
design characteristic of a small scale shaft, shaft sinking and the timbering process, and 
methods to hoist broken rock from the shaft.  The potential productivity of a small-scale shaft 
and the problems associated with small-scale shaft sinking are also examined. 
 
  
Figure 1: Belgium shaft headgear circa 1960  
 
ARTISANAL SHAFTS 
 
Artisanal shaft sinking is a difficult and often dangerous task with common risks being falling 
down the shaft during travelling, and struck by rocks or material from the shaft collar area as 
depicted in the schematics shown Figure 2.  Vertical shaft are sunk by hand some 10 to 20 m 
vertical with small scale mining shafts utilising drill and blasting to sink shafts beyond depths 
of 30 m or more.  
 
  
Figure 2: Schematic of common accidents associated with Artisanal Shaft Sinking 
In artisanal mining operations access to the underground workings is generally through the 
shaft itself (Figure 3) with traveling in the shaft attained utilising vertical wooden ladders made 
from timber poles.  The wooden ladders are secured by cross poles that have been hitched into 
the sidewall of the shaft (Figure 4). In artisanal mining no ladder breaks are used in the shafts 
with travel hampered by narrow openings.  In many cases, as an alternative to ladder ways 
workers will make use of steps excavated on both sides of the vertical shaft to climb spread 
eagle up and down the shaft; other times the rope itself is used to transport the workers to shaft 
bottom as shown in Figure 5.  Figure 6a shows a schematic of typical windlass system used at 
an artisanal mine site and Figure 6b shows a windlass hoist at the top of a vertical shaft.  Figure 
7 demonstrates how rock handling from the artisanal shafts is conducted utilising small plastic 
buckets (20 to 30 kg) attached to the hoisting rope.  
 
	
Figure 3: Example of an entrance into vertical shaft  
 
  
Figure 4: Example of (a) foot holes for workers travelling up and down shaft (b) a shaft ladder way  
	
	 	
Figure 5: (a) Conveyance rope and (b) Worker travelling utilising rope 
 
	
Figure 6: (a) Schematic of a shaft equipped with a windlass; (b) Windlass at artisanal  mine site 
 
 
Figure 7: Handling shaft bucket filled with broken rock  
 
 
 
 
SHAFT DESIGN  
 
The above section depicts some of the more common methods artisanal miners use to access 
an underground deposit through vertical shafts.  The method is dangerous and limited to what 
a worker can manual handle utilising a small rope i.e. typically 20 to 30 kg of broken rock. A 
shift’s production is limited to what can be mined and cleaned from the underground 
workings.  Normally, artisanal crews will mine 500 kg to 1000 kg per day, which can be 
supported by the artisanal shaft utilising a windlass rope hoist and plastic bucket. However, 
small scale miners aspire to larger tonnages typically in the order of 10 t per shaft, which is not 
supported by an artisanal shaft system (Table 1). The following portrays a small scale shaft 
design for a Rwandan tin operation consisting of the following design criteria:- 
 
 Shaft station planned at 40m below surface. 
 Design provides for two scenarios (1) Broken rock is to be removed by a plastic bucket 
(converted Gerry cans) utilising a windlass hoist system operated by two workers. (2) 
use of a 300 kg bucket (kibble) using a small electric winch to transport the bucket up 
and down the shaft. 
  In scenario 1 nylon ropes are used to suspend the plastic bucket in the shaft noting 
that the shaft isn’t equipped with a guidance system allowing the bucket to spin freely 
in the shaft (Figure 5 and Figure 6). 
 In Scenario 2 a wire rope is used to hoist a 300 kg capacity steel bucket (Figure 8). 
 In the windlass hoist system utilises no headgear.  The windlass hoist is positioned 
over the shaft with the rope and bucket centred above the shaft (Figure 5).   
 For the mechanised hoisting system an attachment device is used to connect the steel 
bucket to the wire rope (Figure 8 and Figure 9). 
 Tipping for the windlass hoist system is conducted by manually handling the filled 
bucket, which typically weighs 30 kg.  Waste and ore is separately stockpiled adjacent 
to the shaft (Figure 7). 
 Material handling for the 300 kg steel bucket is based on the broken rock being tipped 
into a transfer car (Figure 9) which is transported to a tipping point adjacent to the 
beneficiation plant. 
 
 
Figure 8: Shaft bucket 300 kg capacity 
 
 
Figure 9: Material handling arrangements for small scale shaft 
 
Design Characteristics 
The production characteristics of the proposed shaft are shown in Table 1 and indicate that a 
1.8 m x 2.4 m rectangular shaft advance 0.8 m per day will produce 3.5 m3 or 9.3 t of broken 
rock per advance.  
 
Table 1. Production characteristics of proposed shaft 
Description Dimensions 
Length  1,8 m 
Width 2.4 m 
Depth 0,8 m 
Volume  3.5 m3 
Tonnes 9.3 t 
 
Table 2 indicates the required cleaning time for the shaft based on the depth of the shaft and a 
manual hoisting speed of a 0.25 m per second utilising a windlass hoist.  Cleaning represents 
the most significant aspect of the mining cycle.  Night shift cleaning will be required to facilitate 
a daily blast until the shaft advance 20 mbs, after which additional work shifts will be required 
to hoist the required tonnage.  
 
Table 2: Time to hoist blasted rock based on depth of shaft (Windlass hoisting system)  
Description Depth of shaft 
Based on 30kg bucket 10m 20m 30m 40m 
Time to Fill Bucket 60 60 60 60 
Time to Hoist bucket 40 80 120 160 
Time to Tip bucket 30 30 30 30 
Time to Return bucket 10 20 30 40 
Total Time of hoist cycle 140 190 240 290 
Required trips per 
Advance 310 
310 310 310 
Avalable time in hour (sec) 3000 3000 3000 3000 
Total buckets per hour 21  16   12,5  10  
Number hours required  14,8  19  25  31,0 
 
Table 3 depicts the time associated to hoist the blasted rock utilising a 300 kg bucket and electric 
winch. Less than a shift is required to the 9.3 t of broken rock indicating that the small scale 
shaft system utilising a 300 kg bucket and electric winch is capable of supporting production 
targets of the order of 10 t per day per operating shaft. 
  
Table 3. Time to hoist blasted rock based on depth of shaft (electric winch hoisting system) 
Description Depth of shaft 
Based on 300kg bucket 10m 20m 30m 40m 
Time to Fill Bucket 600 600 600 600 
Time to Hoist bucket 10 20 30 40 
Time to Tip bucket 30 30 30 30 
Time to Return bucket 10 20 30 40 
Total Time of hoist cycle 650 670 690 710 
Required trips per 
Advance 31 
31 31 31 
Avalable time in hour (sec) 3000 3000 3000 3000 
Total skips per hour 4,6  4.5  4.3   4.2 
Number hours required  6.7  6.9 7.2  7.4 
 
 
BLAST DESIGN 
 
The drilling and blasting of the shaft is a key component to small scale shaft sinking operations.  
Creating a free breaking face to establish a cut is generally achieved through a V cut in small 
cross sectional rectangular shafts. The V cut consists of 6 to 8 holes drilled at 30 degrees that 
are drilled slightly longer than the rest of the holes in the blast design.  Depending on the size 
of the shaft and ground conditions some 10 to 24 additional blast holes will be required to 
complete the round. Blasting mats are recommended as the V cut has a tendency to promote 
fly rock during blasting. 
 
Labour Requirements 
Labour requirements for sinking the shaft will consist of a supervisor, two drillers, six 
assistants and explosive assistant. Two men will operate the hoist (windlass or electric winch) 
on surface while the other four assistants will clean the broken rock at shaft bottom and leave 
shaft bottom ready for the drilling. Overall advance, including platform installation is 
approximately 20 metres per month. 
 
INFRASTRUCTURE REQUIREMENTS 
 
Before shaft sinking operations can commence the site area must be suitably equipped with the 
necessary infrastructure to support small scale shaft sinking.  The following areas should be 
considered. 
 
Mine Power 
Reliable power must be available for hoisting, ventilation and pumping.  Power should either 
be available from the national grid or from generators.  Of importance the power must be 
regulated to ensure a steady flow of power to the equipment. 
 
Mine Drainage 
In many places water begins to affect mining operations within a few metres from surface, in 
other areas the water may only affect workings some 50 m below surface.  Whatever the case, 
mine drainage becomes important somewhere within the sinking timeline and therefore 
pumping (mine drainage) becomes critical.  Pump selection will depend on the volume (inflow) 
and depth (height) of operations and therefore mine drainage should be designed for the peak 
water drainage requirements as well as maximum depth of the shaft.  Under ideal 
circumstances surface water should not be allowed to enter the workings, as it represents a real 
threat of flooding the mine workings and endangering equipment and personnel. 
 
Compressed Air and Water 
Compressed air is required for drilling operations.  Depending on the size of the shaft one to 
two machines will be required drilling in the order of between 15 and 30 drill holes.  As part 
of drilling, water must be supplied to support the drilling, blasting, and cleaning cycle.  The 
use of rock drilling with sufficient means to suppress dust is non-negoitable.  In certain 
historical mining areas workers are reluctant to operate rock drills due to the legacy of early 
deaths of former rock drill operators due to dust (pneumonocoriosis). 
 
Ventilation and Environmental Conditions 
Good working practices indicate that ventilation must be installed once a shaft is developed 
beyond 10 mbs.  Ventilation is important to remove any blasting fumes or other potential gases 
encountered while conduction shaft sinking operations.  As mentioned in the previous section, 
ventilation is also important to remove dust particles from the underground operations.  The 
size of the fan will depend upon the size and the depth of the shaft as well as the ventilation 
requirements for the ultimate development and mining operations.  Notably, ventilation or 
environmental conditions have a significant impact on worker productivity as ambient 
temperature reach 24 degrees and above. 
 
MINE ACCESS 
 
The transportation of personnel, material and rock needs to be considered in any shaft design. 
In the small-scale mining environment travel ways should be equipped within the shaft by 
means of ladders and platforms.  Although a number of standards have been used in many 
countries, 3 m spacing between platforms has been selected, mainly due to the availability of 
timber lengths.  Although metal ladders and platforms may be used, their costs are viewed as 
prohibitive and therefore wooden structures are recommended.  Travel ways must be able to 
support personnel carrying material up to 40 kgs and therefore 160 kg has been selected as the 
design specification.  For small-scale mines, travelling ways with a width of 1.2 m are viewed 
as appropriate.  The rock hoisting compartment is designed between a length of 1.1 to 1.5 m 
with a width of 1.2 m.  Hoisting initially is envisaged utilising a windlass rope system hoisting 
buckets in the order of 30 kg.  The windlass system can support operations do a depth of almost 
30 m. This is typically what can be handled by a shaft utilising manual labour.  
Beyond a depth of 30 m a step changing is required.  A 300 kg skip or kibble is proposed 
combined with an electric powered winch hoist and an appropriate rock handling system for 
underground and surface rock handling. 
 
SHAFT TIMBERING 
 
Timbering of the shaft should take place every other day, thus a mining cycle of 1-day mining 
and 1-day for timbering.  Inclusive in the timbering will be the building of a platform every 3 
m of the sinking of the shaft will be delayed every 7th day for the completion of the travel way 
and travel way landing. This equates to approximately 10 m advance per month. Thus, a 40 m 
shaft should be sunk over a four month period. 
 
Shaft timbering (Figure 10 to 12) requires timber poles (stout beams 20 cm minimum diameter) 
to be installed with each end of the timber poles fixed in a hitch cut into the rock of the shaft 
sidewall (Figure 11). To these timbers are fixed small timbers along the footwall, to which are 
fastened the lagging and ladders. To separate the hoisting compartment from the travelling 
way compartment small wooden poles or planks are fixed to the timbers (dividers) (Figure 12). 
The timbering of the compartment thus prevents rock fragments injuring workers travelling in 
the manway compartment i.e. workers who are going up and down the shaft ladder way. 
 
 
 
 
 
	
Figure 10: View of shaft from bottom showing cross beams for landing  
 
	
Figure 11: Example of shaft timbering 
 
	
Figure 12: Shaft landing every 3 m, cross beam and ladder 
	
  
CONCLUSION AND RECOMMENDATIONS 
 
The ability to access underground deposits through a vertical shaft which supports small-scale 
mining is a skill that is often lacking.  This paper describes a means to access veins between 10 
and 40 mbs demonstrating that the use of an electric winch attached to a bucket with a capacity 
of 300 kg, which can support production in the order of 10 t per day.  In addition, the design of 
the shaft includes the timbering of the shaft and the inclusion of the ladder way from surface 
to shaft bottom, which provides safe access for the workforce. 
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